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(57) This application provides a powertrain, a control
method, and a hybrid electric vehicle. The powertrain in-
cludes a motor controller unit and a motor. The motor
controller unit includes N bridge arms, and the motor in-
cludes N motor windings corresponding to the N bridge
arms, where N is greater than or equal to 2. Each of the
N bridge arms includes a first end and a second end, the
first end of each bridge arm is connected to a positive
bus, the second end of each bridge arm is connected to
a negative bus, a midpoint of each bridge arm is con-
nected to one end of one motor winding, the other end
of each of the N motor windings is connected to one end
of a power battery, and the other end of the power battery
is connected to the positive bus or the negative bus. This
application may be implemented to reduce production
costs of the powertrain.
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Description
TECHNICAL FIELD

[0001] This application relates to the field of new-en-
ergy vehicle technologies, and in particular, to a power-
train, a control method, and a hybrid electric vehicle.

BACKGROUND

[0002] Currently, a powertrain of a hybrid electric ve-
hicle is shown in FIG. 1. To be specific, the powertrain
includes a generator M1, a generator control unit 100
connected to the generator M1, a bi-directional DC/DC
converter 101, a motor M2, and a motor controller unit
102 connected to the motor M2.

[0003] The generator M1 is driven by an engine (which
may also be referred to as an internal combustion en-
gine). In a torque outputting process, the generator M1
may convert mechanical energy into electrical energy,
provide the generated electrical energy for the motor M2,
and provide the generated electrical energy for a battery
BAT1 by using the bi-directional DC/DC converter 101.
Alternatively, the battery BAT1 may supply power to the
motor M2 by using the bi-directional DC/DC converter
101. It can be learned that the power battery BAT1 can
be charged or discharge. However, the bi-directional
DC/DC converter 101 needs to be used for both charging
and discharging of the power battery BAT1. Therefore,
in addition to the generator control unit 100 and the motor
controller unit 102, the powertrain of the existing hybrid
electric vehicle further includes the bi-directional DC/DC
converter 101, which results in high production costs of
the powertrain.

SUMMARY

[0004] Thisapplication provides a powertrain, a control
method, and a hybrid electric vehicle, to reduce produc-
tion costs of the powertrain.

[0005] According to a first aspect, an embodiment of
this application provides a powertrain, where the power-
train includes a motor controller unit (Motor Controller
Unit, MCU) and a motor, the MCU includes N bridge
arms, and the motor includes N motor windings corre-
sponding to the N bridge arms. It should be explained
that the motor is in mechanical contact with a transmis-
sion system (for example, a transmission shaft), and the
motor may drive a hybrid electric vehicle by using the
transmission system in a torque outputting process.
[0006] A specific connection relationship of the pow-
ertrain is as follows: Each of the N bridge arms includes
a first end and a second end, the first end of each bridge
arm is connected to a positive bus, the second end of
each bridge arm is connected to a negative bus, a mid-
point of each bridge arm is connected to one end of one
motor winding, the other end of each of the N motor wind-
ings is connected to one end of a power battery, and the
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other end of the power battery is connected to the positive
bus or the negative bus. Different from the prior art in
which a power battery is connected to a dedicated bi-
directional DC/DC converter, in this embodiment of this
application, the power battery is connected to the motor
windings, and charging and discharging of the power bat-
tery are implemented by reusing the motor windings and
the bridge arms. In other words, this embodiment of this
application provides a structure of a new powertrain, so
that a bi-directional DC/DC converter for charging and
discharging a power battery can be saved, and produc-
tion costs of the powertrain are reduced.

[0007] With reference to the first aspect, in a first pos-
sible implementation, the powertrain further includes a
bus capacitor unit connected between the positive bus
and the negative bus, the MCU further includes a con-
troller, the N bridge arms include at least one first bridge
arm, and the first bridge arm may be turned on or off
based on a first pulse width modulation (Pulse Width
Modulation, PWM) signal. The first PWM signal may en-
able the bus capacitor unit to charge the power battery
through a motor winding connected to the first bridge
arm; orthe first PWM signal may enable the power battery
to discharge through a motor winding connected to the
first bridge arm.

[0008] With reference to the first possible implemen-
tation of the first aspect, in a second possible implemen-
tation, the first PWM signal is determined by the controller
based on a working parameter of the motor, a bus volt-
age, and a voltage of the power battery. The bus voltage
is a voltage between the positive bus and the negative
bus. The working parameter of the motor includes at least
one of an input voltage, an input current, and a rotational
speed of the motor. It should be noted that the input volt-
age of the motor may be specifically the bus voltage.
[0009] With reference to the second possible imple-
mentation of the first aspect, in a third possible imple-
mentation, that the first PWM signal is determined by the
controller based on a working parameter of the motor, a
bus voltage, and a voltage of the power battery may be
specifically implemented as follows.

[0010] The first PWM signal is obtained by the control-
ler by comparing a first modulation signal with a preset
reference signal. The first modulation signal is obtained
by the controller based on a second modulation signal
and a preset target value, the second modulation signal
is determined by the controller based on a working pa-
rameter of the motor and the bus voltage, and the preset
target value is determined by the controller based on the
voltage of the power battery and the bus voltage.
[0011] With reference to the third possible implemen-
tation of the first aspect, in a fourth possible implemen-
tation, when the first PWM signal enables the bus capac-
itor unit to charge the power battery through the motor
winding connected to the first bridge arm, the first mod-
ulation signal is a sum of the second modulation signal
and the preset target value.

[0012] With reference to the third possible implemen-
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tation ofthe firstaspect, in afifth possible implementation,
when the first PWM signal enables the power battery to
discharge through the motor winding connected to the
first bridge arm, the first modulation signal is a difference
between the second modulation signal and the preset
target value.

[0013] Withreference to the first aspect, in a sixth pos-
sible implementation, the powertrain further includes a
bus capacitor unit connected between the positive bus
and the negative bus; the MCU further includes a con-
troller; the N bridge arms include at least one second
bridge arm; and the second bridge arm may be turned
on or off based on a second PWM signal.

[0014] The second PWM signal may enable the bus
capacitor unit to charge the power battery through a mo-
tor winding connected to the second bridge arm. In this
case, the second bridge arm and the motor winding con-
nected to the second bridge arm may implement a func-
tion of a DC/DC converter, and specifically implement a
voltage step-down function of the DC/DC converter,
namely, implement a function of a buck converter.
[0015] Alternatively, the second PWM signal may en-
able the power battery to discharge through a motor wind-
ing connected to the second bridge arm. In this case, the
second bridge arm and the motor winding connected to
the second bridge arm may implement a function of a
DC/DC converter, and specifically implement a voltage
step-up function in the DC/DC converter, namely, imple-
ment a function of a boost converter.

[0016] With reference to the sixth possible implemen-
tation of the first aspect, in a seventh possible implemen-
tation, the second PWM signal is determined by the con-
troller based on a bus voltage and a voltage of the power
battery, where the bus voltage is a voltage between the
positive bus and the negative bus.

[0017] With reference to the first possible implemen-
tation of the first aspect to the seventh possible imple-
mentation of the first aspect, in an eighth possible imple-
mentation, the powertrain further includes a generator
control unit (Generator Control Unit, GCU) and a gener-
ator, where an input end of the GCU is connected to the
generator, and an output end of the GCU is connected
between the positive bus and the negative bus. It should
be explained that, different from the motor, the generator
is in direct mechanical contact with an internal combus-
tion engine, and may be driven by the internal combustion
engine. The generator may convert mechanical energy
into electrical energy, and transmit the electrical energy
to the motor.

[0018] Withreference to the eighth possible implemen-
tation of the first aspect, in a ninth possible implementa-
tion, when the first PWM signal enables the bus capacitor
unit to charge the power battery through the motor wind-
ing connected to the first bridge arm, the GCU converts
a voltage output by the generator to obtain a first voltage;
and the MCU drives, based on the first voltage, the motor
to output torque and charge the power battery. In this
case, the first PWM signal enables the bus capacitor unit
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to charge the power battery through the motor winding
connected to the first bridge arm, and the bus capacitor
unit may provide a driving voltage for the motor. In other
words, the motor outputs torque, and the power battery
is in a charging state. In this case, energy stored in the
bus capacitor unit may be provided by the generator, and
the first bridge arm and the motor winding connected to
the first bridge arm may ensure a function of a drive sys-
tem of the motor, namely, may implement a function of
a DC/AC converter. In addition, the first bridge arm and
the motor winding connected to the first bridge arm may
further implement a function of a DC/DC converter, and
specifically implement a voltage step-down function of
the DC/DC converter, namely, implement a function of a
buck converter. In other words, the generator drives the
motor, and the generator charges the power battery.
[0019] With reference to an eighth possible implemen-
tation of the first aspect, in a tenth possible implementa-
tion, when the first PWM signal enables the power battery
to discharge through the motor winding connected to the
first bridge arm, the GCU is configured to convert a volt-
age output by the generator to obtain a second voltage;
and the MCU drives, based on the second voltage and
the voltage of the power battery, the motor to output
torque. In this case, the first PWM signal may enable the
power battery and the generator to provide a driving volt-
age for the motor through the motor winding connected
to the first bridge arm. In other words, the motor outputs
torque, and the power battery discharges. In this case,
the first bridge arm and the motor winding connected to
the first bridge arm may ensure a function of a drive sys-
tem of the motor, namely, may implement a function of
a DC/AC converter. In addition, the first bridge arm and
the motor winding connected to the first bridge arm may
implement a function of a DC/DC converter, and specif-
ically implement a voltage step-up function in the DC/DC
converter, namely, implement a function of a boost con-
verter. In other words, the generator and the power bat-
tery jointly drive the motor.

[0020] With reference to the sixth possible implemen-
tation of the first aspect or the seventh possible imple-
mentation of the first aspect, in an eleventh possible im-
plementation, the powertrain further includes a GCU and
agenerator, where an input end of the GCU is connected
to the generator, and an output end of the GCU is con-
nected between the positive bus and the negative bus.
When the second PWM signal enables the bus capacitor
unit to charge the power battery through the motor wind-
ing connected to the second bridge arm, the GCU con-
verts a voltage output by the generator to obtain a third
voltage; and the MCU charges the power battery based
on the third voltage. In this case, the second bridge arm
and the motor winding connected to the second bridge
arm may implement a function of a DC/DC converter,
and specifically implement a voltage step-down function
of the DC/DC converter, namely, implement a function
of a buck converter. In other words, the generator charg-
es the power battery.
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[0021] With reference to the sixth possible implemen-
tation of the first aspect or the seventh possible imple-
mentation of the first aspect, in a twelfth possible imple-
mentation, the powertrain further includes a GCU and a
generator, where an input end of the GCU is connected
to the generator, and an output end of the GCU is con-
nected between the positive bus and the negative bus.
When the second PWM signal enables the power battery
to discharge through the motor winding connected to the
second bridge arm, the MCU converts a voltage of the
power battery to obtain a fourth voltage; and the GCU
drives the generator based on the fourth voltage. In this
case, the second bridge arm and the motor winding con-
nected to the second bridge arm may implement a func-
tion of a DC/DC converter, and specifically implement a
voltage step-up functionin the DC/DC converter, namely,
implement a function of a boost converter. In other words,
the power battery discharges to drive the generator.
[0022] With reference to the first aspect or with refer-
ence to any one of the foregoing possible implementa-
tions of the first aspect, in a thirteenth possible imple-
mentation, each bridge arm includes a third end, the third
end of each bridge arm is connected to a neutral point
of the positive bus and the negative bus, and a voltage
of the neutral point is half of the voltage between the
positive bus and the negative bus.

[0023] According to a second aspect, an embodiment
of this application provides a control method of a power-
train. The powertrain includes a motor controller unit (Mo-
tor Controller Unit, MCU), a motor, and a bus capacitor
unit connected between a positive bus and a negative
bus. The MCU includes N bridge arms, where the N
bridge arms include at least one first bridge arm; and the
motor includes N motor windings corresponding to the N
bridge arms, where N is greater than or equal to 2.
[0024] The control method is specifically implemented
as follows: turning on or off the first bridge arm according
to afirst pulse width modulation (Pulse Width Modulation,
PWM) signal, so that the bus capacitor unit charges a
power battery through a motor winding connected to the
first bridge arm, or a power battery discharges through
a motor winding connected to the first bridge arm.
[0025] With reference to the second aspect, in a first
possible implementation, each of the N bridge arms in-
cludes a first end and a second end, the first end of each
bridge arm is connected to the positive bus, and the sec-
ond end of each bridge arm is connected to the negative
bus; and before the turning on or off the first bridge arm
according to a first PWM signal, the control method fur-
ther includes: determining the first PWM signal based on
a working parameter of the motor, a bus voltage, and a
voltage of the power battery, where the bus voltage is a
voltage between the positive bus and the negative bus.
[0026] With reference to the first possible implemen-
tation of the second aspect, in a second possible imple-
mentation, the determining the first PWM signal based
on a working parameter of the motor, a bus voltage, and
avoltage of the power battery is specifically implemented
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as follows:

obtaining a first modulation signal based on a second
modulation signal and a preset target value, and com-
paring the first modulation signal with a preset reference
signal to obtain the first PWM signal. The second mod-
ulation signal is determined based on a working param-
eter of the motor and the bus voltage, and the preset
target value is determined based on the voltage of the
power battery and the bus voltage.

[0027] With reference to the second possible imple-
mentation of the second aspect, in a third possible im-
plementation, the first modulation signal is a sum of the
second modulation signal and the preset target value. In
this case, the first PWM signal enables the bus capacitor
unit to charge the power battery through the motor wind-
ing connected to the first bridge arm.

[0028] With reference to the second possible imple-
mentation of the second aspect, in a fourth possible im-
plementation, the first modulation signal is a difference
between the second modulation signal and the preset
target value. In this case, the first PWM signal enables
the power battery to discharge through the motor winding
connected to the first bridge arm.

[0029] With reference to the second aspect, in a fifth
possible implementation, the powertrain further includes
a bus capacitor unit connected between the positive bus
and the negative bus, and the N bridge arms include at
least one second bridge arm.

[0030] The control method may be further specifically
implemented as follows: turning on or off the second
bridge arm according to a second PWM signal, so that
the bus capacitor unit charges the power battery through
a motor winding connected to the second bridge arm; or
the power battery discharges through a motor winding
connected to the second bridge arm.

[0031] With reference to the fifth possible implemen-
tation of the second aspect, in a sixth possible implemen-
tation, before the second bridge arm is turned on or off
based on the second PWM signal, the second PWM sig-
nal is determined based on a bus voltage and a voltage
of the power battery, where the bus voltage is a voltage
between the positive bus and the negative bus.

[0032] According to a third aspect, an embodiment of
this application provides a hybrid electric vehicle, where
the hybrid electric vehicle includes a power battery and
the powertrain with reference to the first aspect or any
one of the foregoing possible implementations of the first
aspect. A motor in the powertrain is connected to the
power battery.

[0033] It should be understood that implementation
and beneficial effects of the foregoing aspects of this ap-
plication may be referred to each other.

BRIEF DESCRIPTION OF DRAWINGS
[0034]

FIG. 1 is a schematic diagram of a structure of an
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existing powertrain;

FIG. 2 is a schematic diagram of a structure of a
hybrid electric vehicle according to an embodiment
of this application;

FIG. 3 is a schematic diagram of a structure of a
powertrain according to an embodiment of this ap-
plication;

FIG. 4 is another schematic diagram of a structure
of a powertrain according to an embodiment of this
application;

FIG. 5 is another schematic diagram of a structure
of a powertrain according to an embodiment of this
application;

FIG. 6 is another schematic diagram of a structure
of a powertrain according to an embodiment of this
application;

FIG. 7 is another schematic diagram of a structure
of a powertrain according to an embodiment of this
application;

FIG. 8 is another schematic diagram of a structure
of a powertrain according to an embodiment of this
application;

FIG. 9 is a schematic diagram of a waveform accord-
ing to an embodiment of this application;

FIG. 10 is a schematic diagram of a circuit status
according to an embodiment of this application;
FIG. 11A and FIG. 11B each are a schematic dia-
gram of still another circuit status according to an
embodiment of this application;

FIG. 12 is a schematic diagram of still another wave-
form according to an embodiment of this application;
FIG. 13A and FIG. 13B each are a schematic dia-
gram of still another circuit status according to an
embodiment of this application;

FIG. 14 is a schematic diagram of still another wave-
form according to an embodiment of this application;
FIG. 15A and FIG. 15B each are a schematic dia-
gram of still another circuit status according to an
embodiment of this application;

FIG. 16 is a schematic diagram of still another wave-
form according to an embodiment of this application;
FIG. 17A and FIG. 17B each are a schematic dia-
gram of still another circuit status according to an
embodiment of this application;

FIG. 18 is still another schematic diagram of a struc-
ture of a powertrain according to an embodiment of
this application;

FIG. 19is still another schematic diagram of a struc-
ture of a powertrain according to an embodiment of
this application;

FIG. 20 is a schematic diagram of still another circuit
status according to an embodiment of this applica-
tion;

FIG. 21A and FIG. 21B each are a schematic dia-
gram of still another circuit status according to an
embodiment of this application;

FIG. 22A and FIG. 22B each are a schematic dia-
gram of still another circuit status according to an
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embodiment of this application;

FIG. 23A and FIG. 23B each are a schematic dia-
gram of still another circuit status according to an
embodiment of this application; and

FIG. 24A and FIG. 24B each are a schematic dia-
gram of still another circuit status according to an
embodiment of this application.

DESCRIPTION OF EMBODIMENTS

[0035] The following clearly describes the technical so-
lutions in embodiments of this application with reference
to the accompanying drawings in embodiments of this
application. It is clear that the described embodiments
are some but not all embodiments of this application. All
other embodiments obtained by a person of ordinary skill
in the art based on embodiments of this application with-
out creative efforts shall fall within the protection scope
of this application.

[0036] The technical solutions of this application are
further described below in detail with reference to the
accompanying drawings.

[0037] Referto FIG. 2. FIG. 2 is a schematic diagram
of a structure of a hybrid electric vehicle according to an
embodiment of this application. As shown in FIG. 2, the
hybrid electric vehicle 2 includes a powertrain 20 and a
power battery 21.

[0038] The hybrid electric vehicle 2 is a new-energy
vehicle with functions of both an all-electric vehicle and
a gasoline-powered vehicle. In this embodiment of this
application, the powertrain 20 in the hybrid electric vehi-
cle 2 includes both a generator 201 and a motor 202. For
example, the hybrid electric vehicle 2 may be specifically
understood as a plug-in hybrid electric vehicle (Plug-in
hybrid electric vehicle, PHEV).

[0039] In a specific implementation, the generator 201
is in direct mechanical contact with an internal combus-
tion engine, and is driven by the internal combustion en-
gine. The generator 201 may convert mechanical energy
into electrical energy in a rotation (namely, torque out-
putting) process. The generator 201 may transmit the
electrical energy to the motor 202. In other words, the
generator 201 provides a driving voltage for the motor
202, to enable the motor 202 to output torque.

[0040] If the motor 202 is connected to the power bat-
tery 21, the power battery 21 may also provide a driving
voltage for the motor 202. In other words, the power bat-
tery 21 discharges, to enable the motor 202 to output
torque. Alternatively, the generator 201 and the power
battery 21 simultaneously transmit electrical energy to
the motor 202. In other words, the generator 201 and the
power battery 21 simultaneously provide a driving volt-
age for the motor 202, to enable the motor 202 to output
torque.

[0041] The motor 202 is in mechanical contact with a
transmission system (for example, a transmission shaft).
Therefore, the motor 202 may drive the hybrid electric
vehicle 2 by using the transmission system in a torque
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outputting process.

[0042] Different from a structure of a prior-art power-
train, there is a connection relationship between the pow-
er battery and the motor in this embodiment of this ap-
plication, and the power battery may be charged or dis-
charge by using the motor. In other words, this embodi-
ment of this application provides a structure of a new
powertrain.

[0043] In some feasible implementations, reference
may be made to FIG. 3. FIG. 3 is a schematic diagram
of astructure of a powertrain according to an embodiment
of this application. As shown in FIG. 3, the powertrain
provided in this embodiment of this application includes
a motor controller unit (Motor Controller Unit, MCU) 300
and a motor M3.

[0044] In a specific implementation, the MCU 300 in-
cludes three bridge arms, and the motor M3 includes
three motor windings (for example, motor windings N,
Ny, and N,3) corresponding to the three bridge arms.

[0045] It should be noted that each bridge arm may
include two switch units connected in series, and the
switch unit may include at least one switch connected in
series or in parallel. In a specific practice, for the switch
unit, a plurality of switches connected in series or in par-
allel may be selected depending on a voltage and a cur-
rent in the MCU. The switch may be specifically imple-
mented as an insulated gate bipolar transistor (Insulated
Gate Bipolar Transistor, IGBT) and an anti-parallel diode
of the IGBT, a metal-oxide semiconductor field-effect
transistor (Metal-Oxide-Semiconductor Field-Effect
Transistor, MOSFET), or the like. In conclusion, a switch
type and a quantity of switches in the switch unit are not
limited in this embodiment of this application.

[0046] In this embodiment of this application, an ex-
ample in which a switch included in a bridge arm is spe-
cifically implemented as an IGBT and an anti-parallel di-
ode of the IGBT is used. A first end of each of the three
bridge arms is connected to a positive bus BUS3+. To
be specific, a collector of a switch transistor Qz4, a col-
lector of a switch transistor Q33, and a collector of a switch
transistor Q;5 are connected to the positive bus BUS3+.
A second end of each bridge arm is connected to a neg-
ative bus BUS3-. To be specific, an emitter of the switch
transistor Q3,, an emitter of the switch transistor Q34, and
an emitter of the switch transistor Qs are connected to
the negative bus BUS3-. A midpoint of each bridge arm
is connected to one end of one motor winding. To be
specific, an emitter of the switch transistor Q34 and a
collector of the switch transistor Qz, are connected to
one end of the motor winding N3, an emitter of the switch
transistor Q33 and a collector of the switch transistor Q4
are connected to one end of the motor winding Ny, and
an emitter of the switch transistor Q5 and a collector of
the switch transistor Q5 are connected to one end of the
motor winding Nys.

[0047] The other end of the motor winding N3, the
other end of the motor winding N, and the other end of
the motor winding N5 are connected to one end of a
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power battery B.AT3, and the other end of the power
battery B.AT3 is connected to the negative bus BUS3-.
[0048] Optionally, the powertrain furtherincludes a bus
capacitor unit connected between the positive bus
BUS3+ and the negative bus BUS3-. It should be noted
that, in this embodiment of this application, an example
in which the bus capacitor unit includes one capacitor
C3q is used. In some feasible implementations, the bus
capacitor unit may include at least two capacitors con-
nected in series or in parallel. In other words, a quantity
of capacitors in the bus capacitor unit and a manner in
which the capacitors are connected are not limited in this
embodiment of this application.

[0049] Differentfrom the prior artin which a power bat-
tery is connected to a dedicated bi-directional DC/DC
converter, inthis embodiment of this application, the pow-
er battery is connected to three motor windings in the
motor, and charging and discharging of the power battery
are implemented by reusing the motor windings and the
bridge arms. In other words, this embodiment of this ap-
plication provides a structure of a new powertrain, so that
a bi-directional DC/DC converter for charging and dis-
charging a power battery can be saved, and production
costs of the powertrain are reduced.

[0050] In addition, the bi-directional DC/DC converter
in an existing powertrain needs to be equipped with a
heat dissipation apparatus. In this embodiment of this
application, when the bi-directional DC/DC converter is
saved, the heat dissipation apparatus of the bi-directional
DC/DC converter can be naturally saved. In addition, the
bi-directional DC/DC converter includes a plurality of
switch transistors, and the switch transistors in the bi-
directional DC/DC converter also need to be controlled
by a control chip. In this embodiment of this application,
when the bi-directional DC/DC converter is saved, the
control chip for controlling the bi-directional DC/DC con-
verter can also be naturally saved. In other words, in ad-
dition to the production costs directly caused by the bi-
directional DC/DC converter, the total production costs
reduced by the powertrain further include costs caused
by other configurations (for example, the heat dissipation
apparatus and the control chip) required for using the bi-
directional DC/DC converter. In addition, in this embod-
iment of this application, power supply to the control chip
and power supply to the bi-directional DC/DC converter
can be reduced, so that complexity of power distribution
of the powertrain is reduced, and complexity of the struc-
ture of the powertrain is also reduced.

[0051] Optionally, in some feasible implementations,
the structure of the powertrain may alternatively be spe-
cifically implemented as a structure of a powertrain
shown in FIG. 4. As shown in FIG. 4, the powertrain pro-
vided in this embodiment of this application includes an
MCU 400 and a motor M4.

[0052] In a specific implementation, the MCU 400 in-
cludes two bridge arms, and the motor M4 includes two
motor windings (for example, motor windings N, and
Ny4) corresponding to the two bridge arms. In this case,
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a collector of a switch transistor Q44 and a collector of a
switch transistor Q3 are connected to a positive bus
BUS4+; an emitter of a switch transistor Q4, and an emit-
ter of a switch transistor Q44 are connected to a negative
bus BUS4-; an emitter of the switch transistor Q44 and a
collector of the switch transistor Q,, are connected to
one end of the motor winding N ,; and an emitter of the
switch transistor Q43 and a collector of the switch tran-
sistor Q44 are connected to one end of the motor winding
Ny4. The other end of the motor winding N, and the
other end of the motor winding N\, are connected to one
end of a power battery BAT4, and the other end of the
power battery BAT4 is connected to the negative bus
BUS4-.

[0053] Optionally, the powertrainfurtherincludesabus
capacitor unit (for example, a capacitor C,4) connected
between the positive bus BUS4+ and the negative bus
BUS4-.

[0054] Different from the powertrain shown in FIG. 3,
the motor included in the powertrain provided in this em-
bodiment of this application is a two-phase alternating
current motor, and the powertrain in FIG. 3 includes a
three-phase alternating current motor. Therefore, two
bridge arms are correspondingly disposed in the MCU
provided in this embodiment of this application.

[0055] It can be learned that the power battery in this
embodiment of this application is also connected to the
motor windings, and charging and discharging of the
power battery may also be implemented by reusing the
motor windings and the bridge arms, so that a bi-direc-
tional DC/DC converter for charging and discharging the
power battery is saved, and production costs of the pow-
ertrain are reduced.

[0056] Optionally, in some feasible implementations,
the structure of the powertrain may alternatively be spe-
cifically implemented as a structure of a powertrain
shown in FIG. 5. As shown in FIG. 5, the powertrain pro-
vided in this embodiment of this application includes an
MCU 500 and a motor M5.

[0057] In a specific implementation, the MCU 500 in-
cludes four bridge arms, and the motor M5 includes four
motor windings (for example, motor windings N5, N\,
Nyys, and Nys5) corresponding to the four bridge arms. In
this case, a collector of a switch transistor Q3 4, a collector
of a switch transistor Qsg3, a collector of a switch transistor
Qsg5, and a collector of a switch transistor Q57 are con-
nected to a positive bus BUS5+; and an emitter of a switch
transistor Qs,, an emitter of a switch transistor Qs,, an
emitter of a switch transistor Qsg, and an emitter of a
switch transistor Qgg are connected to a negative bus
BUSS-. An emitter of the switch transistor Qg4 and a col-
lector of the switch transistor Qs, are connected to one
end of the motor winding N, an emitter of the switch
transistor Q53 and a collector of the switch transistor Qg,
are connected to one end of the motor winding Ny, an
emitter of the switch transistor Qg5 and a collector of the
switch transistor Qgg are connected to one end of the
motor winding N5, and an emitter of the switch transistor
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Q57 and a collector of the switch transistor Qsg are con-
nected to one end of the motor winding Nys. The other
end of the motor winding N s, the other end of the motor
winding Nz, the other end of the motor winding Ny,
and the other end of the motor winding Nys are connected
to one end of a power battery BAT5, and the other end
of the power battery BAT5 is connected to the negative
bus BUSS-.

[0058] Optionally, the powertrain furtherincludes a bus
capacitor unit (for example, a capacitor Cs4) connected
between the positive bus BUSS+ and the negative bus
BUSS-.

[0059] The motor included in the powertrain provided
in this embodiment of this application is a four-phase al-
ternating current motor, and four bridge arms are corre-
spondingly disposed in the MCU.

[0060] It can be learned that the power battery in this
embodiment of this application is also connected to the
motor windings, and charging and discharging of the
power battery may also be implemented by reusing the
motor windings and the bridge arms, so that a bi-direc-
tional DC/DC converter for charging and discharging the
power battery is saved, and production costs of the pow-
ertrain are reduced.

[0061] With reference to the structures of the power-
trains shown in FIG. 3 to FIG. 5, it can be learned that
the motor in the powertrain may be a two-phase alternat-
ing current motor, a three-phase alternating current mo-
tor, a four-phase alternating current motor, or the like. In
other words, a specific implementation type of the motor
is not limited in this application. Therefore, the structure
of the powertrain may also be adaptively changed based
ondifferent motor types. For example, a quantity of bridge
arms is changed. In other words, the powertrain provided
in this application may further specifically include five
bridge arms, six bridge arms, or the like.

[0062] The bridge arm included in the MCU shown in
FIG. 3 to FIG. 5 is a bridge arm that outputs two levels.
In some feasible implementations, a type of the bridge
arm may also be changed to obtain a bridge arm that
outputs a plurality of levels, so as to obtain a structure of
a different powertrain.

[0063] In some feasible implementations, reference
may be made to FIG. 6. FIG. 6 is still another schematic
diagram of a structure of a powertrain according to an
embodiment of this application. As shown in FIG. 6, the
powertrain provided in this embodiment of this applica-
tion includes an MCU 600 and a motor M6.

[0064] In a specific implementation, an example in
which the motor M6 is specifically implemented as a
three-phase alternating current motor is used. The MCU
600 includes three bridge arms A, and the motor M6 in-
cludes three motor windings (for example, motor wind-
ings Nyg Ny and N,) corresponding to the three
bridge arms A. It can be learned that, a type of the three
bridge arms A included in the MCU 600 is different from
that of the bridge arms included in FIG. 3 to FIG. 5.
[0065] In this embodiment of this application, the
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bridge arm A includes a first end, a second end, and a
third end. The bridge arm A may output three levels. Each
bridge arm A includes two switch units connected in se-
ries and two diodes respectively connected to the two
switch units. Two ends that are obtained after the two
switch units are connected in series are respectively the
first end and the second end of the bridge arm A. The
first end of the bridge arm A is connected to a positive
bus BUS6+, and the second end of the bridge arm A is
connected to a negative bus BUS6-. A midpoint of the
bridge arm A is a series connection point of the two switch
units, and is connected to a corresponding motor wind-
ing. A connection point of the two diodes in the bridge
arm A is the third end of the bridge arm A, and the third
end of the bridge arm A is connected to a neutral point
O of the positive bus BUS6+ and the negative bus BUS6-.
It may be understood that a voltage at the neutral point
O is a half of a voltage between the positive bus BUS6+
and the negative bus BUS6-.

[0066] In FIG. 6, an example in which one switch unit
includes two switches connected in series is used. For
example, in one bridge arm A, one switch unit includes
a switch transistor Qg4 and a switch transistor Qg,, and
the other switch unitincludes a switch transistor Qg3 and
a switch transistor Qg4. Therefore, the first end of the
bridge arm A is a collector of the switch transistor Qg.
In this case, the collector of the switch transistor Qg is
connected to the positive bus BUS6+. An emitter of the
switch transistor Qg4 is connected to a collector of the
switch transistor Qg,, and a connection point between
an emitter of the switch transistor Qg, and a collector of
the switch transistor Qg3 is the midpoint of the bridge arm
A. In this case, the emitter of the switch transistor Qg,
and the collector of the switch transistor Qg3 are connect-
ed to one end of the motor winding N . An emitter of
the switch transistor Qg5 is connected to a collector of
the switch transistor Qg4. The second end of the bridge
arm A is an emitter of the switch transistor Qg4. In this
case, the emitter of the switch transistor Qg4 is connected
to the negative bus BUS6-. In addition, a cathode of a
diode Dg, is connected to the emitter of the switch tran-
sistor Qg4 and the collector of the switch transistor Qg,.
A connection point between an anode of the diode Dg;
and a cathode of a diode Dg; is the third end of the bridge
arm A. In this case, the anode of the diode Dg, and the
cathode of the diode Dg, are connected to the neutral
point O of the positive bus BUS6+ and the negative bus
BUSG-, and an anode of the diode Dg, is connected to
the emitter of the switch transistor Qg5 and the collector
of the switch transistor Qgy4.

[0067] Similarly, in another bridge arm A, a collector
of a switch transistor Qg5 is connected to the positive bus
BUSG6+, an emitter of the switch transistor Qg5 is con-
nected to a collector of a switch transistor Qgg, an emitter
of the switch transistor Qgg and a collector of a switch
transistor Qg7 are connected to one end of the motor
winding Nyg, an emitter of the switch transistor Qg7 is
connected to a collector of a switch transistor Qgg, and
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an emitter of the switch transistor Qgg is connected to the
negative bus BUSG6-. In addition, a cathode of a diode
Dg3 is connected to the emitter of the switch transistor
Qg5 and the collector of the switch transistor Qgg, an an-
ode of the diode Dgy and a cathode of a diode Dg, are
connected to the neutral point O of the positive bus
BUS6+ and the negative bus BUS6-, and an anode of
the diode Dg, is connected to the emitter of the switch
transistor Qg7 and the collector of the switch transistor
Qgg-

[0068] In still another bridge arm A, a collector of a
switch transistor Qgq is connected to the positive bus
BUS6+, an emitter of the switch transistor Qgq is con-
nected to a collector of a switch transistor Qg 44, an emitter
of the switch transistor Qg9 and a collector of a switch
transistor Qg4 are connected to one end of the motor
winding N6, an emitter of the switch transistor Qg4 is
connected to a collector of the switch transistor Qg45, and
an emitter of the switch transistor Qg5 is connected to
the negative bus BUSG6-. In addition, a cathode of a diode
Dgg is connected to the emitter of the switch transistor
Qgg and the collector of the switch transistor Qg4q, @an
anode of the diode Dgs and a cathode of a diode Dgg are
connected to the neutral point O of the positive bus
BUS6+ and the negative bus BUS6-, and an anode of
the diode Dgg is connected to the emitter of the switch
transistor Qg1 and the collector of the switch transistor
Qe12-

[0069] The other end of the motor winding N, the
other end of the motor winding N\, and the other end of
the motor winding N are connected to one end of a
power battery BAT6, and the other end of the power bat-
tery B.AT6 is connected to the negative bus BUS6-.
[0070] Optionally, the powertrain further includes a bus
capacitor unit (for example, capacitors Cg4, Cgo, and Cgs)
connected between the positive bus BUS6+ and the neg-
ative bus BUS6-. In this case, the capacitor Cg, and the
capacitor Cgs are connected in series between the pos-
itive bus BUS6+ and the negative bus BUS6-, and a se-
ries connection point between the capacitor Cg, and the
capacitor Cgjy is the neutral point O.

[0071] Differentfrom the three bridge arms included in
the MCU shown in FIG. 3 that output two levels, the three
bridge arms A included in the MCU provided in this em-
bodiment of this application output three levels. In this
case, the powertrain may also implement charging and
discharging of the power battery by reusing the motor
windings and the bridge arms, so that a bi-directional
DC/DC converter for charging and discharging the power
battery is saved, and production costs of the powertrain
are reduced.

[0072] Optionally, in some feasible implementations,
reference may be made to FIG. 7. FIG. 7 is still another
schematic diagram of a structure of a powertrain accord-
ing to an embodiment of this application. As shown in
FIG. 7, the powertrain provided in this embodiment of
this application includes an MCU 700 and a motor M7.
[0073] In a specific implementation, an example in
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which the motor M7 is specifically implemented as a
three-phase alternating current motor is used. The MCU
700 includes three bridge arms B, and the motor M7 in-
cludes three motor windings (for example, motor wind-
ings N7, N7, and Ny;) corresponding to the three
bridge arms B.

[0074] In this embodiment of this application, the
bridge arm B includes a first end, a second end, and a
third end, and the bridge arm B may also output three
levels. Each bridge arm B includes a vertical bridge arm
and a horizontal bridge arm, and the horizontal bridge
arm and the vertical bridge arm each include two switch
units connected in series. A midpoint of the vertical bridge
arm is a midpoint of the bridge arm B, two ends that are
obtained after the two switch units are connected in series
in the vertical bridge arm are respectively the first end
and the second end of the bridge arm B, one end of the
two switch units connected in series in the horizontal
bridge arm is connected to the midpoint of the bridge arm
B, and the other end is the third end of the bridge arm B.
[0075] In FIG. 7, an example in which one switch unit
includes one switch is used. For example, in one bridge
arm B, the vertical bridge arm includes a switch transistor
Q, and a switch transistor Q,, and the horizontal bridge
arm includes a switch transistor Q3 and a switch tran-
sistor Q4. Therefore, the first end of the bridge arm B is
a collector of the switch transistor Q4. In this case, the
collector of the switch transistor Q74 is connected to a
positive bus BUS7+. A connection pointbetween an emit-
ter of the switch transistor Q4 and a collector of the switch
transistor Q;, is the midpoint of the bridge arm B. In this
case, the emitter of the switch transistor Q;4 and the col-
lector of the switch transistor Q;, are connected to one
end of the motor winding N7 and a collector of the switch
transistor Q4. An emitter of the switch transistor Q, is
connected to an emitter of the switch transistor Q;5. The
third end of the bridge arm B is a collector of the switch
transistor Q3. In this case, the collector of the switch
transistor Q;3 is connected to a neutral point O1 of the
positive bus BUS7+ and a negative bus BUS7-.

[0076] Similarly, in another bridge arm B, a collector
of a switch transistor Q,5 is connected to the positive bus
BUS7+, an emitter of the switch transistor Q5 and a col-
lector of a switch transistor Q¢ are connected to one end
of the motor winding N7 and a collector of a switch tran-
sistor Qg, an emitter of the switch transistor Qg is con-
nected to an emitter of a switch transistor Q;;, and a
collector of the switch transistor Q;7 is connected to the
neutral point O1 of the positive bus BUS7+ and the neg-
ative bus BUS7-.

[0077] In still another bridge arm B, a collector of a
switch transistor Qg is connected to the positive bus
BUS7+, an emitter of the switch transistor Q,q and a col-
lector of a switch transistor Q4 are connected to one
end of the motor winding Ny, and a collector of a switch
transistor Q74,, an emitter of the switch transistor Q45
is connected to an emitter of a switch transistor Q;44,
and a collector of the switch transistor Q;44 is connected
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to the neutral point O1 of the positive bus BUS7+ and
the negative bus BUS7-.

[0078] The other end of the motor winding N, the
other end of the motor winding N\, and the other end of
the motor winding Ny, are connected to one end of a
power battery BAT7, and the other end of the power bat-
tery BAT7 is connected to the negative bus BUS7-.
[0079] Optionally, the powertrain furtherincludes a bus
capacitor unit (for example, capacitors C;4 and Cy,) con-
nected between the positive bus BUS7+ and the negative
bus BUS7-. In this case, the capacitor C;4 and the ca-
pacitor C,, are connected in series between the positive
bus BUS7+ and the negative bus BUS7-, and a series
connection point between the capacitor C;4 and the ca-
pacitor Cy, is the neutral point O1.

[0080] Different from the bridge arm A in FIG. 6 that
can output three levels, this embodiment of this applica-
tion provides another bridge arm B that can output three
levels. In this case, the powertrain may also implement
charging and discharging of the power battery by reusing
the motor windings and the bridge arms, so that a bi-
directional DC/DC converter for charging and discharg-
ing the power battery is saved, and production costs of
the powertrain are reduced.

[0081] It should be noted that, types of the bridge arms
included in the MCU in FIG. 6 and FIG. 7 should be un-
derstood as examples, and should not be construed as
limitations. For example, in some feasible implementa-
tions, the bridge arm may be specifically implemented
as another multi-level bridge arm different from the bridge
arms that output two levels and three levels, for example,
a multi-level bridge arm such as a four-level bridge arm
or a five-level bridge arm, provided that bridge arms and
motor windings may implement functions of both a
DC/AC converter and a DC/DC converter.

[0082] Inconclusion,aquantity and a type of the bridge
arms in the MCU are not limited in this embodiment of
this application.

[0083] Optionally, in some feasible implementations,
an example in which the MCU includes three bridge arms
and each bridge arm outputs two levels is used. In other
words, the structure of the powertrain shown in FIG. 3 is
used as an example. A powertrain shown in FIG. 8 may
be obtained by adding an integrated power generation
module to the powertrain shown in FIG. 3. In this case,
the powertrain provided in this embodiment of this appli-
cation further includes a power generation module in ad-
dition to the MCU 300 and the motor M3 described with
reference to FIG. 3. The power generation module in-
cludes a generator control unit (Generator Control Unit,
GCU) 801 and a generator M8.

[0084] It should be explained that the MCU 300, the
motor M3, the GCU 801, and the generator M8 may be
all integrated in the powertrain. Alternatively, the MCU
300 and the motor M3 may be integrated in the power-
train, and the GCU 801 and the generator M8 may be
separately disposed.

[0085] In aspecificimplementation, aninput end of the
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GCU 801 is connected to the generator M8, and an output
end of the GCU 801 is connected between the positive
bus BUS3+ and the negative bus BUS3-. The GCU 801
may convert an alternating current output by the gener-
ator M8 into a direct current, and output the direct current
between the positive bus BUS3+ and the negative bus
BUS3-.

[0086] Optionally, in some feasible implementations,
electrical energy generated by the generator M8 may be
provided for the power battery BAT3 and the motor M3;
or electrical energy generated by the generator M8 and
electrical energy generated by discharging of the power
battery BAT3 are jointly provided for the motor M3.
[0087] Compared with the structure of the powertrain
shown in FIG. 3, the powertrain shown in FIG. 8 further
includes a GCU and a generator, and the technical effect
of the embodiment described in FIG. 3 can still be imple-
mented. To be specific, a bi-directional DC/DC converter
for charging and discharging a power battery can be
saved, production costs of the powertrain can be re-
duced, and the powertrain has a simple structure and a
simple power distribution structure.

[0088] With reference to the accompanying drawings,
the following describes, by using examples, how to spe-
cifically control the powertrain provided in this applica-
tion.

[0089] In some feasible implementations, reference
may be made to FIG. 9. FIG. 9 is a schematic diagram
of a waveform according to an embodiment of this appli-
cation. As shown in FIG. 9, a controller may determine,
based on a working parameter of a motor and a bus volt-
age, a second modulation signal of each bridge arm, for
example, a second modulation signal V,, a second
modulation signal V5, and a second modulation signal
V3o Inthis case, the bus voltage is specifically a voltage
between the positive bus BUS3+ and the negative bus
BUS3-.

[0090] The working parameter of the motor may be pre-
set, and the working parameter of the motor includes at
least one of an input voltage and an input current of the
motor and a motor rotational speed. It should be noted
that, the input voltage of the motor may be specifically
implemented as the bus voltage, and the bus voltage
may be determined by using a working parameter of the
generator and an AC/DC converter.

[0091] For a specific implementation in which the con-
troller determines the second modulation signal based
on the working parameter of the motor and the bus volt-
age, refer to an existing control manner of a driving motor.
Details are not described herein.

[0092] It may be understood thatan MCU includes the
controller and N bridge arms, where N is greater than or
equal to 2. In a specific implementation, the controller
may be, for example, a central processing unit (central
processing unit, CPU), another general purpose proces-
sor, a digital signal processor (digital signal processor,
DSP), an application-specific integrated circuit (applica-
tion specific integrated circuit, ASIC), a field programma-

10

15

20

25

30

35

40

45

50

55

10

ble gate array (field-programmable gate array, FPGA) or
another programmable logic device, a discrete gate or
transistor logic device, or a discrete hardware compo-
nent.

[0093] The controller compares the second modulation
signal V3, with a preset reference signal. As shown in
FIG. 9, the preset reference signal is a triangular wave,
and an amplitude and a frequency of the preset reference
signal are preset.

[0094] In a specific implementation, when the second
modulation signal V4, is greater than the preset refer-
ence signal, the controller generates a high level; orwhen
the second modulation signal V3, is less than the preset
reference signal, the controller generates a low level. In
this case, the controller may generate, based on a result
of comparison between the second modulation signal
V30 and the preset reference signal, a PWM_Qg4 signal
prior to a moment t0.

[0095] Similarly, the controller may generate, based
on a result of comparison between the second modula-
tion signal V)5, and the preset reference signal, a
PWM_ Q33 signal prior to the moment t0; and the control-
ler may generate, based on a result of comparison be-
tween the second modulation signal V3, and the preset
reference signal, a PWM_Q3;5 signal prior to the moment
t0.

[0096] The controller sends the PWM_Qj3, signal prior
to the moment t0 to the switch transistor Qz4, sends the
PWM_ Q33 signal prior to the moment t0 to the switch
transistor Qz3, and sends the PWM_ Qg5 signal prior to
the moment t0 to the switch transistor Qs5. In this case,
a sum of currents of the three motor windings of the motor
M3 is zero, and the motor M3 outputs torque.

[0097] For example, the switch transistor Qz4, the
switch transistor Qs3, and the switch transistor Qa5 are
turned off, and the switch transistor Qs,, the switch tran-
sistor Q34, and the switch transistor Q4 are turned on.
A circuit status shown in FIG. 10 may be formed for the
powertrain shown in FIG. 3. To be specific, a current flows
in from the motor winding N3, and flows out from the
motor winding N, and the motor winding Ny;. In the
circuit status, /3 + I3 + I3 = 0. In this case, the motor
M3 outputs torque to drive a hybrid electric vehicle.
[0098] It should be explained that the current loop
shown in FIG. 10 should be understood as an example,
and the current flowing into the motor winding N ;3 may
be provided by atleast one of the generator and the power
battery BAT3. In some other feasible implementations,
a current may flow in from the motor winding N3 and
the motor winding N3, and flow out from the motor wind-
ing Ny3. No matter how current directions of the motor
windings change, when the sum of the currents of the
three motor windings is zero, namely, I3 + I\z3 + I3 =
0, the motor M3 outputs torque.

[0099] Signals of the controller for controlling two
switch transistors in a same bridge arm are complemen-
tary. To be specific, a signal sent by the controller to the
switch transistor Q35 is complementary to the PWM_Q3,
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signal, a signal sent by the controller to the switch tran-
sistor Q34 is complementary to the PWM_ Q33 signal, and
a signal sent by the controller to the switch transistor Qg
is complementary to the PWM_ Q55 signal.

[0100] Optionally, in some feasible implementations,
the controller may determine at least one first bridge arm
from the three bridge arms, and add a preset target value
V, to a second modulation signal of each first bridge arm,
to obtain a first modulation signal of each first bridge arm.
The preset target value V; is determined by the controller
based on a voltage of the power battery BAT3 and the
bus voltage. For example, the preset target value V, is
a ratio of the voltage of the power battery BAT3 to the
bus voltage.

[0101] In FIG. 9, an example in which the controller
determines one first bridge arm from the three bridge
arms is used, and specifically, a bridge arm formed by
connecting the switch transistor Q54 and the switch tran-
sistor Q, inseriesis the first bridge arm. Itcan be learned
from FIG. 9 that, compared with an amplitude of the sec-
ond modulation signal V3, prior to the moment t0, an
amplitude of a first modulation signal V31 subsequent
to the moment t0 is increased by the preset target value
V. In other words, the preset target value V, is used as
a positive bias voltage, and the controller adds the preset
target value V/, to the second modulation signal V3, to
obtain the first modulation signal V3.

[0102] In this case, the controller compares the first
modulation signal V54 with the preset reference signal,
to generate a PWM_Q5, signal (thatis, a first PWM signal
of a first bridge arm on which the switch transistor Qs is
located) subsequent to the moment t0. It can be learned
that a duty cycle of the PWM_Q5 signal subsequent to
the moment t0 is greater than a duty cycle of the
PWM_Q4, signal subsequent to the moment t0. To be
specific, the controller adds the preset target value V; to
the second modulation signal V35, and specifically, a
duty cycle of a control signal of the switch transistor Q34
is increased.

[0103] For bridge arms other than the first bridge arm,
modulation signals prior to the moment t0 are still used.
To be specific, the second modulation signal V3, and
the second modulation signal V)3, are still used. There-
fore, duty cycles of the PWM_Qs; signal and the
PWM_ Q35 signal prior to and subsequent to the moment
t0 do not change.

[0104] The controller sends the PWM_Q3, signal sub-
sequent to the moment t0 to the switch transistor Qs,
sends the PWM_Qg35 signal subsequent to the moment
t0 to the switch transistor Q33, and sends the PWM_Qs5
signal subsequent to the moment t0 to the switch tran-
sistor Q5. In this case, the capacitor C34 charges the
power battery BAT3 through the motor winding N,
charges the power battery BAT3 through the motor wind-
ing N4, and charges the power battery BAT3 through
the motor winding Ny5. In addition, the motor M3 outputs
torque. In this case, energy stored in the capacitor Cs4
may be provided by a generator. A GCU connected to
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the generator converts a voltage output by the generator
to obtain a first voltage, specifically, converts an alternat-
ing current output by the generator into a direct current,
and then the MCU converts the first voltage to drive the
motor M3 to output torque. In conclusion, the first bridge
arm and the motor winding connected to the first bridge
arm may ensure a function of an electric drive system of
the motor, namely, may implement a function of a DC/AC
converter. In addition, the first bridge arm and the motor
winding connected to the first bridge arm may implement
a function of a DC/DC converter, and specifically imple-
ment a voltage step-down function of the DC/DC con-
verter, namely, implement a function of a buck converter.
In other words, the generator drives the motor, and the
generator charges the power battery.

[0105] For example, in a time period from the moment
t0 to a moment t1, the PWM_Q3, signal, the PWM_Q33
signal, and the PWM_Q; are all at a high level. To be
specific, the switch transistor Q4, the switch transistor
Q33, and the switch transistor Q5 are turned on, and the
switch transistor Qs,, the switch transistor Qz4, and the
switch transistor Qg are turned off. A circuit status shown
in FIG. 11A may be formed for the powertrain. As shown
in FIG. 11A, it is assumed that inductive reactances of
the three motor windings are the same. Therefore, a cur-
rent flowing through the motor winding N3 is I3 + Ic/3,
a current flowing through the motor winding Ny is /3 +
1c/3, and a current flowing through the motor winding Ny, 5
is lys + /3, where I3 + I\5 + I3 = 0. In this case, the
motor M3 outputs torque, and the three motor windings
are in an energy storage stage.

[0106] It should be explained that a current direction
in a process in which the motor M3 outputs torque is
random, and a current may flow in from the motor winding
N3 and the motor winding N5, and flow out from the
motor winding Ny,5. No matter how current directions of
the motor windings change, the sum of the currents of
the three motor windings is zero, namely, I3 + I\5 + Iy
=0.

[0107] In atime period from a moment t2 to a moment
t3, the PWM_Q;, signal, the PWM_Qg4 signal, and the
PWM_ Qg5 signal are all at a low level. To be specific, the
switch transistor Qs4, the switch transistor Qz3, and the
switch transistor Q35 are turned off, and the switch tran-
sistor Q3, the switch transistor Qz4, and the switch tran-
sistor Qzg are turned on. A circuit status shown in FIG.
11B may be formed for the powertrain. As shown in FIG.
11B, the currents of the motor windings cannot change
abruptly, and the currents flowing through the three motor
windings are still the currents that flow in the circuit status
shown in FIG. 11A. To be specific, the current flowing
through the motor winding N3 is /3 + I/3, the current
flowing through the motor winding N\ is /53 + /5/3, and
the current flowing through the motor winding Ny is /43
+1c/3, where I3 + I3 + 45 = 0. In this case, the motor
M3 outputs torque. In addition, the motor winding N3
charges the power battery BAT3, the motor winding N5
charges the power battery BAT3, and the motor winding
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Ny charges the power battery BAT3. A current on each
motor winding is provided by the capacitor C3¢. To be
specific, the capacitor C34 charges the power battery
BAT3 through the motor winding connected to the first
bridge arm, where a charging current is /.

[0108] It should be explained that, in a specific imple-
mentation application, the controller may directly send
the PWM_Q34 signal, the PWM_Q33 signal, and the
PWM_Qg35 signal that are subsequent to the moment t0.
Alternatively, the PWM_Q3 signal, the PWM_ Q35 signal,
and the PWM_ Q35 signal that are prior to the moment t0
are directly sent. In other words, signals prior to the mo-
ment t0 and signals subsequent to the moment t0 may
exist relatively independently.

[0109] Optionally, in some feasible implementations,
the controller may specifically determine, depending on
a battery level of a power battery, a control signal to be
sent to each bridge arm. For example, if the controller
detects that a battery level of the power battery BAT3 is
lower than a preset charging threshold, the controller
sends the PWM_Qj3, signal subsequent to the moment
t0 to the switch transistor Q34, sends the PWM_ Q35 signal
subsequent to the moment t0 to the switch transistor Qs3,
and sends the PWM_Q;; signal subsequent to the mo-
ment t0 to the switch transistor Qz5. When the battery
level of the power battery BAT3 is greater than or equal
to the preset charging threshold, the controller sends the
PWM_Q3, signal prior to the moment t0 to the switch
transistor Q;4, sends the PWM_Qs5 signal prior to the
moment t0 to the switch transistor Qs3, and sends the
PWM_Qgz5 signal prior to the moment t0 to the switch
transistor Q35. Alternatively, when receiving a charging
instruction of the power battery BAT3, the controller may
send the PWM_Q3, signal subsequent to the moment t0
to the switch transistor Qz,, send the PWM_Qs; signal
subsequent to the moment t0 to the switch transistor Qs3,
and send the PWM_Q35 signal subsequent to the mo-
ment t0 to the switch transistor Q3.

[0110] Inconclusion, the preset target value V, is add-
ed to the second modulation signal of one first bridge
arm. In other words, one of the three bridge arms is re-
used for charging control of the power battery. In this
embodiment of this application, a time for turning on and
turning off the switch transistors corresponding to the first
bridge arm is changed, to implement output torque of the
motor and charging of the power battery. In other words,
the powertrain may implement both a function of the
DC/AC converter and a function of the buck converter.
[0111] Optionally, in some feasible implementations,
reference may be made to FIG. 12. FIG. 12is a schematic
diagram of still another waveform according to an em-
bodiment of this application. As shown in FIG. 12, a con-
troller may determine a second modulation signal, for
example, a second modulation signal V,3,’, a second
modulation signal V/3,’, and a second modulation signal
V\i3o’, of each bridge arm based on a working parameter
of a motor and a bus voltage.

[0112] The controller generates, based on a result of
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comparison of the second modulation signal V3," and
a preset reference signal, a PWM_Q34’ signal prior to a
moment t0’. The controller generates, based on a result
of comparison of the second modulation signal V)3,’ and
the preset reference signal, a PWM_Q35’ signal prior to
the moment t0’. The controller generates, based on a
result of comparison of the second modulation signal
Vizo' and the preset reference signal, a PWM_Q35’ sig-
nal prior to the moment t0’.

[0113] The controller sends the PWM_ Q54" signal prior
to the moment t0’ to the switch transistors Q34, sends the
PWM_Qg33’ signal prior to the moment t0’ to the switch
transistors Qg3, and sends the PWM_Q35’ signal prior to
the moment t0’ to the switch transistors Qss. In this case,
the circuit status shown in FIG. 10 may also be formed
for the powertrain. In the circuit status, /3 + I3 + I3 =
0, and the motor M3 outputs torque.

[0114] Optionally, in some feasible implementations,
the controller may use the three bridge arms as three
first bridge arms respectively; therefore, the controller
adds a preset target value V, to a second modulation
signal of each first bridge arm, so as to obtain a first mod-
ulation signal of each first bridge arm.

[0115] Inthis case, the controller adds the presettarget
value V; to the second modulation signal V3,’ to obtain
a first modulation signal V34, adds the preset target
value V; to the second modulation signal V5, to obtain
afirst modulation signal V\34’, and adds the preset target
value V, to the second modulation signal V,3,’ to obtain
a first modulation signal V4’

[0116] The controller compares the first modulation
signal V3, with the preset reference signal, to generate
a PWM_Qs4’ signal (that is, a first PWM signal of a first
bridge arm on which the switch transistor Qs is located)
subsequent to the moment t0’. It can be learned that, a
duty cycle of the PWM_Q54" signal subsequent to the
moment t0’ is greater than a duty cycle of the PWM_Q3’
signal prior to the moment t0’.

[0117] Similarly, the controller compares the first mod-
ulation signal V4’ with the preset reference signal, to
generate a PWM_Qs35’ signal (that is, a first PWM signal
of a first bridge arm on which the switch transistor Q4 is
located) subsequent to the moment t0’, where a duty cy-
cle of the PWM_Q33’ signal subsequent to the moment
t0’ is greater than a duty cycle of the PWM_Q35’ signal
prior to the moment t0’.

[0118] The controller compares the first modulation
signal V54’ with the preset reference signal, to generate
a PWM_Q35’ signal (that is, a first PWM signal of a first
bridge arm on which the switch transistor Qx5 is located)
subsequent to the moment t0’, where a duty cycle of the
PWM_Q35’ signal subsequent to the moment t0’ is great-
er than a duty cycle of the PWM_Q35" signal prior to the
moment t0’.

[0119] The controller sends the PWM_Q34’ signal sub-
sequent to the moment t0’ to the switch transistors Q34,
sends the PWM_Q33’ signal subsequent to the moment
t0’ tothe switch transistors Q33, and sends the PWM_Q35’
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signal subsequent to the moment t0’ to the switch tran-
sistors Q5. In this case, the motor M3 outputs torque,
and the power battery BAT3 is charged.

[0120] For example, in a time period from the moment
t0’ to a moment t1’, the circuit status shown in FIG. 11A
may still be formed for the powertrain; andin a time period
from a moment t2’ to a moment t3’, the circuit status
shown in FIG. 11B may still be formed for the powertrain.
Therefore, for a circuit status of the powertrain, reference
may be made to the descriptions in FIG. 11A and FIG.
11B. Details are not described herein again.

[0121] Compared with the schematic diagram of the
waveform shown in FIG. 9, the schematic diagram of the
waveform shown in FIG. 12 is used by the controller to
specifically reuse three bridge arms for charging control
of the power battery. To be specific, the preset target
value V, is added to the second modulation signal of
each of the three bridge arms, and the effect of embod-
iments described above with reference to FIG. 9 to FIG.
11B can still be implemented. In addition, in this embod-
iment of this application, the three bridge arms are re-
used, so that current equalization can be performed
among the three bridge arms.

[0122] Optionally, in some feasible implementations,
the preset target value V; may be added to second mod-
ulation signals of two of the three bridge arms (this is not
shown in the figure). In other words, the two bridge arms
may be reused for charging control of the power battery.
In this case, the circuit statuses in FIG. 11Aand FIG. 11B
may still be formed, the motor M3 outputs torque, and
the power battery BAT3 is in a charging state.

[0123] Optionally, in some feasible implementations,
the motor may not output torque, and the power battery
is in a charging state. In this case, the controller may
determine at least one second bridge arm from the three
bridge arms of the MCU, and determine a second PWM
signal of each second bridge arm based on the bus volt-
age and a voltage of the power battery BAT3.

[0124] It may be understood that, for a specific imple-
mentation in which the controller determines the second
PWM signal based on the bus voltage and the voltage
of the power battery BAT3, reference may be made to
an existing manner of determining a control signal of a
switch transistor in a buck converter. Details are not de-
scribed herein again.

[0125] That the capacitor C54 charges the power bat-
tery BAT3 may be divided into an energy storage phase
of motor windings and a power battery charging phase.
In FIG. 13A and FIG. 13B, an example in which the three
bridge arms are respectively used as three second bridge
arms is used. In a circuit status shown in FIG. 13A, the
switch transistor Q4, the switch transistor Q33, and the
switch transistor Q,5 are turned on, and the switch tran-
sistor Qs,, the switch transistor Q,4, and the switch tran-
sistor Q4 are turned off. In this case, the motor winding
N3, the motor winding N,,3, and the motor winding N5
are in an energy storage stage. For example, the circuit
status shown in FIG. 11A may be understood as a com-
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bination of the circuit status shown in FIG. 13A and the
circuit status shown in FIG. 10.

[0126] In a circuit status shown in FIG. 13B, the switch
transistor Qg4, the switch transistor Q33, and the switch
transistor Q35 are turned off, and the switch transistor
Q3,, the switch transistor Q54, and the switch transistor
Qsgareturnedon. Itisassumed thatinductive reactances
of the three motor windings are the same. Therefore, a
current flowing through the motor winding N3 is I/3, a
current flowing through the motor winding Ny is /-/3,
and a current flowing through the motor winding N5 is
Ic/3. In this case, the capacitor C54 charges the power
battery BAT3 through the motor winding N, the capac-
itor C54 charges the power battery B.AT3 through the
motor winding N3, and the capacitor C3; charges the
power battery BAT3 through the motor winding N .
Therefore, a charging current of the power battery BAT3
may be /.. In addition, energy stored in the capacitor C54
may be provided by a generator. A GCU connected to
the generator converts a voltage output by the generator
to obtain a third voltage, and then the MCU converts the
third voltage to charge the power battery BAT3. In con-
clusion, the generator charges the power battery.
[0127] For example, the circuit status shown in FIG.
11B may be understood as a combination of the circuit
status shown in FIG. 13B and the circuit status shown in
FIG. 10. To be specific, a current flowing through each
motor winding is a sum of a current flowing through the
motor winding when the motor outputs torque and a
charging current of the power battery.

[0128] It should be noted that, the circuit statuses
shown in FIG. 13A and FIG. 13B should be understood
as an example. In another feasible implementation, a
function of a buck converter can be implemented by con-
trolling only one or two of the three bridge arms.

[0129] Optionally, in some feasible implementations,
reference may be made toFIG. 14. FIG. 14 is aschematic
diagram of still another waveform according to an em-
bodiment of this application. As shown in FIG. 14, a con-
troller may determine a second modulation signal, for
example, a second modulation signal V35 a second
modulation signal V55, and a second modulation signal
Vg, of each bridge arm based on a working parameter
of a motor, a bus voltage, and a voltage of a power bat-
tery.

[0130] The controller generates, based on a result of
comparison of the second modulation signal V35 and a
preset reference signal, a PWM1_Q3, signal prior to a
moment t4. The controller may generate, based on a re-
sult of comparison of the second modulation signal Vg
andthe presetreference signal, a PWM1_Q35 signal prior
to the moment t4. The controller may generate, based
on aresultof comparison of the second modulation signal
Viuag and the preset reference signal, a PWM1_Q35 sig-
nal prior to the moment t4.

[0131] The controller sends the PWM1_Q3,4 signal pri-
or to the moment t4 to the switch transistor Q34, sends
the PWM1_ Q33 signal prior to the moment t4 to the switch
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transistor Q43, and sends the PWM1_Qg5 signal prior to
the moment t4 to the switch transistor Qs5. In this case,
the circuit status shown in FIG. 10 may also be formed
for the powertrain. In other words, for example, the switch
transistor Qq4, the switch transistor Q43, and the switch
transistor Q5 are turned off, and the switch transistor
Q3,, the switch transistor Qg4, and the switch transistor
Q3¢ are turned on. In the circuit status, /3 + I3 + Iz =
0, and the motor M3 outputs torque.

[0132] Optionally, in some feasible implementations,
different from that the motor M3 outputs torque and that
the power battery BAT3 is in a charging state, the power
battery BAT3 in this embodiment of this application dis-
charges, and the motor M3 outputs torque.

[0133] In a specific implementation, the controller may
determine at least one first bridge arm from the three
bridge arms, and subtract a preset target value V, from
a second modulation signal of each first bridge arm, to
obtain a first modulation signal of each first bridge arm.
The preset target value V, is determined by the controller
based on a voltage of the power battery BAT3 and the
bus voltage. For example, the preset target value V, is
a ratio of the voltage of the power battery BAT3 to the
bus voltage.

[0134] InFIG. 14, an example in which the three bridge
armsinclude onefirstbridge armis used, and specifically,
a bridge arm formed by connecting the switch transistor
Q34 and the switch transistor Q3, in series is the first
bridge arm. It can be learned from FIG. 14 that, compared
with an amplitude of the second modulation signal V35
prior to the moment t4, an amplitude of a first modulation
signal V34 subsequent to the moment t4 is decreased
by the preset target value V5. In other words, the preset
target value V; is used as a negative bias voltage, and
the controller may subtract the preset target value V,
from the second modulation signal V5, to obtain the
first modulation signal V3,4.

[0135] In this case, the controller compares the first
modulation signal V3, with the preset reference signal,
to generate a PWM1_Q34 signal (that is, a first PWM
signal of a first bridge arm on which the switch transistor
Q3 is located) subsequent to the moment t4. It can be
learned that, a duty cycle of the PWM1_Q34 signal sub-
sequent to the moment t4 is less than a duty cycle of the
PWM1_Q3,4 signal subsequent to the moment t4. To be
specific, the controller subtracts the preset target value
V, from the second modulation signal V35, and specif-
ically, a duty cycle of a control signal of the switch tran-
sistor Q34 is decreased.

[0136] For bridge arms other than the first bridge arm,
modulation signals prior to the moment t4 are still used.
To be specific, the second modulation signal Vg and
the second modulation signal Vg are still used. There-
fore, duty cycles of the PWM1_Qs5 signal and the
PWM1_Q35signal priorto and subsequentto the moment
t4 do not change.

[0137] The controller sends the PWM1_Qs4 signal
subsequent to the moment t4 to the switch transistor Qz4,
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sends the PWM1_Qg35 signal subsequent to the moment
t4 to the switch transistor Q33, and sends the PWM1_Q35
signal subsequent to the moment t4 to the switch tran-
sistor Qss. In this case, the motor M3 outputs torque, and
the power battery BAT3 is in a discharging state. In other
words, the power battery BAT3 and the bus capacitor
unit (for example, the capacitor C3,) jointly provide a driv-
ing voltage for the motor M3. In this case, the first bridge
arm and a motor winding corresponding to the first bridge
arm may ensure a function of an electric drive system of
the motor, namely, may implement a function of a DC/AC
converter. In addition, the first bridge arm and the motor
winding corresponding to the first bridge arm may imple-
ment a function of a DC/DC converter, and specifically
implement a voltage step-up function in the DC/DC con-
verter, namely, implement a function of aboostconverter.
[0138] For example, in a time period from the moment
t4 toa momentt5, the PWM1_Qj, signal, the PWM1_Q34
signal, and the PWM1_Q55 signal are all at a high level.
To be specific, the switch transistor Q54, the switch tran-
sistor Q33, and the switch transistor Q35 are turned on,
and the switch transistor Q3,, the switch transistor Qay,
and the switch transistor Q54 are turned off. A circuit sta-
tus shown in FIG. 15A may be formed for the powertrain.
As shown in FIG. 15A, it is assumed that inductive reac-
tances of the three motor windings are the same. There-
fore, a current flowing through the motor winding N3 is
lys + Ipc!3, a current flowing through the motor winding
N\sis |\ + Ipcl3, and a current flowing through the motor
winding Ny is Iy + Ipc/3, where Iy + I3 + 13 = 0. In
this case, the motor M3 outputs torque. In addition, the
power battery BAT3 discharges through the motor wind-
ing N3, the motor winding Ny, and the motor winding
Nys. In other words, the power battery BAT3 is in a dis-
charging state, where a discharging currentis /. It may
be understood that, in this case, a generator and the pow-
er battery drive the motor simultaneously. To be specific,
a GCU connected to the generator converts a voltage
output by the generator to obtain a second voltage, and
the MCU may drive, based on the second voltage and
the voltage of the power battery, the motor to output
torque.

[0139] In atime period from a moment t6 to a moment
t7, the PWM1_Q3, signal, the PWM1_Qs3 signal, and
the PWM1_Q35 signal are all at a low level. In other
words, the switch transistor Q34, the switch transistor
Q33, and the switch transistor Q5 are turned off, and the
switch transistor Qs,, the switch transistor Qz4, and the
switch transistor Qg are turned on. A circuit status shown
in FIG. 15B may be formed for the powertrain. As shown
in FIG. 15B, the currents of the motor windings cannot
change abruptly, and the currents flowing through the
three motor windings are still the currents that flow in the
circuit status shown in FIG. 15A. To be specific, the cur-
rent flowing through the motor winding N3 is I )3 + Ipc/3,
the current flowing through the motor winding N\ is /3
+1pc/3, and the current flowing through the motor winding
Nysis lys + Ipcl3, where I 3 + I3+ 45 = 0. In this case,
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the motor M3 outputs torque, and the three motor wind-
ings are in an energy storage stage.

[0140] It should be explained that, in a specific imple-
mentation application, the controller may directly send
the PWM1_Qg, signal, the PWM1_Qs5 signal, and the
PWM1_Qs5 signal that are subsequent to the moment
t4. Alternatively, the PWM1_Qj3, signal, the PWM1_Q33
signal, and the PWM1_Qg5 signal that are prior to the
moment t4 are directly sent. In other words, signals prior
to the moment t4 and signals subsequent to the moment
t4 may exist relatively independently.

[0141] Optionally, in some feasible implementations,
the controller may determine, based on a rotation speed
of the motor and a battery level of the power battery, a
control signal to be sent to each bridge arm. Forexample,
if it is detected that the rotational speed of the motor is
greater than a preset speed and the voltage at both ends
of the power battery is greater than a preset discharging
threshold, the controller sends the PWM1_Q4, signal
subsequent to the moment t4 to the switch transistor Qz4,
sends the PWM1_Qs33 signal subsequent to the moment
t4 to the switch transistor Q33, and sends the PWM1_Q35
signal subsequent to the moment t4 to the switch tran-
sistor Q5.

[0142] In conclusion, the preset target value V; is sub-
tracted from the second modulation signal of one first
bridge arm of the three bridge arms. In other words, one
of the three bridge arms is reused for discharging control
of the power battery. In this embodiment of this applica-
tion, a time for turning on and turning off the switch tran-
sistors corresponding to the first bridge arm is changed,
so that the motor outputs torque while the power battery
discharges. In other words, the powertrain may imple-
mentboth a function of the boost converter and a function
of the DC/AC converter.

[0143] Optionally, in some feasible implementations,
reference may be made to FIG. 16. FIG. 16is a schematic
diagram of still another waveform according to an em-
bodiment of this application. As shown in FIG. 16, a con-
troller may determine a second modulation signal, for
example, a second modulation signal V35, a second
modulation signal V) 55’, and a second modulation signal
V\sg, of each bridge arm based on a working parameter
of a motor and a bus voltage.

[0144] The controller generates, based on a result of
comparison of the second modulation signal V35" and
a preset reference signal, a PWM1_Q5,’ signal prior to
amomentt4’. The controller generates, based on aresult
of comparison of the second modulation signal V;5’and
the preset reference signal, a PWM1_Qj35’signal prior to
the moment t4’. The controller generates, based on a
result of comparison of the second modulation signal
Visg and the preset reference signal, a PWM1_Q;5’ sig-
nal prior to the moment t4’.

[0145] The controller sends the PWM1_Q3 signal pri-
or to the moment t4’ to the switch transistors Qz4, sends
the PWM1_Q33’ signal prior to the moment t4’ to the
switch transistors Qs3, and sends the PWM1_Q35’ signal
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prior to the moment t4’ to the switch transistors Q5. In
this case, the circuit status shown in FIG. 10 may also
be formed for the powertrain. In the circuit status, /3 +
I3 + Iz = 0, and the motor M3 outputs torque.

[0146] Optionally, in some feasible implementations,
the controller may use the three bridge arms as three
first bridge arms respectively; therefore, the controller
subtracts the preset target value V, from a second mod-
ulation signal of each first bridge arm, to obtain a first
modulation signal of each first bridge arm.

[0147] In this case, the controller subtracts the preset
target value V, from the second modulation signal V35’
to obtain a first modulation signal V;;,’, subtracts the
preset target value V, from the second modulation signal
V\3g’ to obtain a first modulation signal V\3,’, and sub-
tracts the preset target value V, from the second modu-
lation signal V| g’ to obtain a first modulation signal
Vivaa’ -

[0148] The controller compares the first modulation
signal V34’ with the preset reference signal, to generate
a PWM1_Q3,’signal (that is, a first PWM signal of a first
bridge arm on which the switch transistor Qs is located)
subsequent to the moment t4’. It can be learned that, a
duty cycle of the PWM1_Q3,’ signal subsequent to the
moment t4’ is less than a duty cycle of the PWM1_Q3,’
signal prior to the moment t4’.

[0149] Similarly, the controller compares the first mod-
ulation signal V),3,’ with the preset reference signal, to
generate a PWM1_Q45’signal (that s, a first PWM signal
of a first bridge arm on which the switch transistor Q43 is
located) subsequent to the moment t4’. A duty cycle of
the PWM1_Q33’ signal subsequent to the moment t4’ is
less than a duty cycle of the PWM1_Qs33’ signal prior to
the moment t4’.

[0150] The controller compares the first modulation
signal V|54’ with the preset reference signal, to generate
a PWM1_Q35’signal (that is, a first PWM signal of a first
bridge arm on which the switch transistor Q55 is located)
subsequent to the moment t4’. A duty cycle of the
PWM1_Q35 signal subsequent to the moment t4’ is less
than a duty cycle of the PWM1_Qj35’ signal prior to the
moment t4’.

[0151] The controller sends the PWM1_Q34’ signal
subsequent to the moment t4’ to the switch transistors
Q34, sends the PWM1_Q33’signal subsequent to the mo-
ment t4’ to the switch transistors Qs3, and sends the
PWM1_Q35’ signal subsequent to the moment t4’ to the
switch transistors Q5. In this case, the motor M3 outputs
torque, and the power battery BAT3 is in a discharging
state.

[0152] For example, in a time period from the moment
t4’ to a moment t5’, the circuit status shown in FIG. 15A
may still be formed for the powertrain; and in atime period
from a moment t6’ to a moment t7’, the circuit status
shown in FIG. 15B may still be formed for the powertrain.
Therefore, for a circuit status of the powertrain, reference
may be made to the descriptions in FIG. 15A and FIG.
15B. Details are not described herein again.
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[0153] Compared with the schematic diagram of the
waveform shown in FIG. 14, the schematic diagram of
the waveform shown in FIG. 16 is used by the controller
to specifically reuse three bridge arms for discharging
control of the power battery. To be specific, the preset
target value V, of the power battery is subtracted from
the second modulation signal of each of the three bridge
arms, and the effect of embodiments described above
with reference to FIG. 14 to FIG. 15B can still be imple-
mented. In addition, in this embodiment of this applica-
tion, the three bridge arms are reused, so that current
equalization can be performed among the three bridge
arms.

[0154] Optionally, in some feasible implementations,
the presettarget value V, may be subtracted from second
modulation signals of two of the three bridge arms (this
is not shown in the figure). In other words, the two bridge
arms may be reused for discharging control of the power
battery. In this case, circuit statuses in FIG. 15A and FIG.
15B may still be formed, the motor outputs torque, and
the power battery BAT3 is in a discharging state.
[0155] Optionally, in some feasible implementations,
the motor may not output torque, and the power battery
is in a discharging state. For example, in this case, the
power battery outputs a voltage between the positive bus
BUS3+ and the negative bus BUS3-. For example, the
powertrain includes a generator. In this case, the power
battery may provide power for the generator, and the
generator drives an internal combustion engine to ignite
in a rotation process, so that the generator is started to
convert mechanical energy into electrical energy.
[0156] In this case, the controller may determine at
least one second bridge arm from the three bridge arms
of the MCU, and determine a second PWM signal of each
second bridge arm based on the bus voltage and a volt-
age of the power battery BAT3.

[0157] It may be understood that, for a specific imple-
mentation in which the controller determines the second
PWM signal based on the bus voltage and the voltage
of the power battery BAT3, reference may be made to
an existing manner of determining a control signal of a
switch transistor in a boost converter. Details are not de-
scribed herein again.

[0158] The power battery BAT3 discharges. In other
words, the power battery BAT3 outputs a voltage to a
bus. That the power battery BAT3 outputs the voltage to
the bus may be divided into an energy storage stage of
motor windings and a power battery discharging stage.
In FIG. 17A and FIG. 17B, an example in which the three
bridge arms are respectively used as three second bridge
arms is used. In a circuit status shown in FIG. 17A, the
switch transistor Q4, the switch transistor Q33, and the
switch transistor Q,5 are turned on, and the switch tran-
sistor Qs,, the switch transistor Q,4, and the switch tran-
sistor Qg are turned off. In this case, the power battery
BAT3 discharges through the motor winding N3, the
power battery BAT3 discharges through the motor wind-
ing N\, and the power battery BAT3 discharges through
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the motor winding Ny, 5. In this case, the MCU converts
a voltage of the power battery BAT3 to obtain a fourth
voltage, and outputs the fourth voltage between the pos-
itive bus BUS3+ and the negative bus BUS3-. In this case,
a GCU connected between the positive bus BUS3+ and
the negative bus BUS3-may drive the generator based
on the fourth voltage. In conclusion, the power battery
discharges to drive the generator.

[0159] For example, the circuit status shown in FIG.
15A may be understood as a combination of the circuit
status shown in FIG. 17A and the circuit status shown in
FIG. 10.

[0160] In a circuit status shown in FIG. 17B, the switch
transistor Qg4, the switch transistor Q33, and the switch
transistor Q35 are turned off, and the switch transistor
Q3. the switch transistor Q34, and the switch transistor
Qs are turned on. In this case, the motor winding N3,
the motor winding N\, and the motor winding Ny, are
in an energy storage stage. For example, the circuit sta-
tus shown in FIG. 15B may be understood as a combi-
nation of the circuit status shown in FIG. 17B and the
circuit status shown in FIG. 10. To be specific, a current
flowing through each motor winding is a sum of a current
flowing through the motor winding when the motor out-
puts torque and a discharging current of the power bat-
tery.

[0161] It should be noted that, the circuit statuses
shown in FIG. 17A and FIG. 17B should be understood
as an example. In another feasible implementation, a
function of a boost converter can be implemented by con-
trolling only one or two of the three bridge arms.

[0162] Inconclusion,inembodiments described above
with reference to FIG. 10 to FIG. 17B, one end of the
power battery BAT3 is a positive electrode and is con-
nected to the motor windings, and the other end of the
power battery BAT3 is a negative electrode and is con-
nected to the negative bus BUS3-.

[0163] Optionally, in some feasible implementations,
one end of a power battery may be a negative electrode
and is connected to motor windings, and the other end
of the power battery may be a positive electrode and is
connected to a positive bus.

[0164] In this case, for a structure of a powertrain, ref-
erence may be made to FIG. 18. As shown in FIG. 18,
the powertrain provided in this embodiment of this appli-
cation includes an MCU 1800 and a motor M 18. It can
be learned that a difference between the powertrain in
FIG. 18 and the powertrain shown with reference to FIG.
3 to FIG. 17B lies in that the other end of a power battery
BAT18 is connected to a positive bus.

[0165] Inthiscase,afirstend of each of the three bridge
arms is connected to a positive bus BUS18+. To be spe-
cific, a collector of a switch transistor Q44+, a collector of
a switch transistor Q, g3, and a collector of a switch tran-
sistor Q4g5 are connected to the positive bus BUS18+.
A second end of each bridge arm is connected to a neg-
ative bus BUS18-. To be specific, an emitter of a switch
transistor Q,g,, an emitter of a switch transistor Q4g4,
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and an emitter of a switch transistor Q,g¢ are connected
to the negative bus BUS 18-. A midpoint of each bridge
arm is connected to one end of one motor winding. To
be specific, an emitter of the switch transistor Q454 and
a collector of the switch transistor Q,g, are connected to
one end of a motor winding N 45, an emitter of the switch
transistor Qg5 and a collector of the switch transistor
Qg4 are connected to one end of a motor winding Nyg,
and an emitter of the switch transistor Qg5 and a collector
of the switch transistor Qg5 are connected to one end
of a motor winding Ns.

[0166] The other end of the motor winding Ng, the
other end of the motor winding N\5, and the other end
of the motor winding N4 are connected to one end of
the power battery BAT18, and the other end of the power
battery BAT18 is connected to the positive bus BUS18+.
[0167] Similarly, the powertrain further includes a bus
capacitor unit (for example, a capacitor C444) connected
between the positive bus BUS18+ and the negative bus
BUS18-.

[0168] Optionally, a power generation module may be
added to the powertrain shown in FIG. 18, to obtain a
powertrain shown in FIG. 19. In this case, in addition to
the MCU 1800 and the motor M18 described with refer-
ence to FIG. 18, the powertrain further includes a GCU
1901 and a generator M19.

[0169] It should be explained that the MCU 1800, the
motor M18, the GCU 1901, and the generator M19 may
be all integrated in the powertrain. Alternatively, the MCU
1800 and the motor M18 may be integrated in the pow-
ertrain, and the GCU 1901 and the generator M19 may
be separately disposed.

[0170] In a specificimplementation, an input end of the
GCU 1901 is connected to the generator M19, and an
output end of the GCU 1901 is connected between the
positive bus BUS18+ and the negative bus BUS18-. The
GCU 1901 may convert an alternating current output by
the generator M19 into a direct current, and output the
direct current between the positive bus BUS18+ and the
negative bus BUS18-.

[0171] Optionally, in some feasible implementations,
a bus voltage between the positive bus BUS18+ and the
negative bus BUS18- may be provided by the generator
M19, or may be jointly provided by the power battery
BAT18 and the generator M19.

[0172] In this case, the schematic diagrams of the
waveforms shown in FIG. 9, FIG. 12, FIG. 14, and FIG.
16 are still applicable to the structure of the powertrain
in FIG. 18 and FIG. 19.

[0173] In some feasible implementations, a controller
sends a signal prior to the moment t0 shown in FIG. 9 to
each bridge arm. To be specific, the controller sends the
PWM_Q4, signal prior to the moment t0 to the switch
transistor Qg4, sends the PWM_Q;3 signal prior to the
moment t0 to the switch transistor Qg3, and sends the
PWM_Qgz5 signal prior to the moment t0 to the switch
transistor Q,gs. In this case, a sum of currents of the three
motor windings of the motor M18 is zero, and the motor
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M18 outputs torque.

[0174] For example, the switch transistor Qqg¢, the
switch transistor Q4g3, and the switch transistor Qg5 are
turned off, and the switch transistor Q,g,, the switch tran-
sistor Q4g4, and the switch transistor Qg are turned on.
A circuit status shown in FIG. 20 may be formed for the
powertrain shown in FIG. 18. To be specific, a current of
the motor M18 flows in from the motor winding N5, and
flows out from the motor winding Ny4g and the motor
winding Ny1g. In the circuit status, /4g + l\1g + Iy1g = 0.
In this case, the motor M18 outputs torque. In other
words, the generator drives the motor M18.

[0175] Optionally, in some feasible implementations,
the controller may send a signal subsequent to the mo-
ment t0 shown in FIG. 9 to each bridge arm. To be spe-
cific, the controller sends the PWM_Q34 signal subse-
quent to the moment t0 to the switch transistor Q4g4,
sends the PWM_ Q35 signal subsequent to the moment
t0 to the switch transistor Q,g3, and sends the PWM_Q35
signal subsequent to the moment t0 to the switch tran-
sistor Q,gs. In this case, the motor M18 outputs torque,
and the power battery BAT18 discharges. In other words,
the generator and the power battery jointly drive the motor
M18.

[0176] For example, in a time period from the moment
t0 to the moment t1, the PWM_ Q34 signal, the PWM_Q33
signal, and the PWM_Q35 signal are all at a high level.
To be specific, the switch transistor Q4g4, the switch tran-
sistor Q4g3, and the switch transistor Qg5 are turned on,
and the switch transistor Qg,, the switch transistor Q,g4,
and the switch transistor Qg5 are turned off. A circuit
status shown in FIG. 21A may be formed for the power-
train. As shown in FIG. 21A, it is assumed that inductive
reactances of the three motor windings are the same.
Therefore, a current flowing through the motor winding
Ny1gis I i1+ Ipc1g/3. acurrent flowing through the motor
winding Nyg is l\4g + Ipc1g/3, and a current flowing
through a motor winding Ny is lyy4g *+ Ipcig/3, Where
Iy18 *+ g + s = 0. Inthis case, the motor M18 outputs
torque, and the three motor windings are in an energy
storage stage.

[0177] In a time period from the moment t2 to the mo-
ment t3, the PWM_Q3 signal, the PWM_Qz35 signal, and
the PWM_Qg35 signal are all at a low level. To be specific,
the switch transistor Q4g4, the switch transistor Q4g3, and
the switch transistor Qg5 are turned off, and the switch
transistor Q,g,, the switch transistor Q44, and the switch
transistor Qgg are turned on. A circuit status shown in
FIG. 21B may be formed for the powertrain. As shown in
FIG. 21B, the currents of the motor windings cannot
change abruptly, and the currents flowing through the
three motor windings are still the currents that flow in the
circuit status shown in FIG. 21A. To be specific, the cur-
rent flowing through the motor winding N5 is /18 +
Ipc1g/3, the current flowing through the motor winding
Ny1g is l4g + Ipc1g/3, and the current flowing through
the motor winding Ny4g is 418 + Ipc1s/3, Where /g +
I18+ Iy =0. Inthis case, the motor M18 outputs torque.
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In addition, the power battery BAT18 discharges, where
a discharging current is Ipcqg.

[0178] Similarly, the controller sends a signal subse-
quent to the moment t0’ shown in FIG. 12 to each bridge
arm. To be specific, the controller sends the PWM_Qg34’
signal subsequent to the moment t0’ to the switch tran-
sistor Q4g4, sends the PWM_Q33’ signal subsequent to
the moment t0’ to the switch transistor Qg3, and sends
the PWM_Q35’ signal subsequent to the moment t0’ to
the switch transistor Qgs.

[0179] For example, in a time period from the moment
t0’ to the moment t1’, the circuit status shown in FIG. 21A
may still be formed for the powertrain; andin a time period
from the moment t1’ to the moment t2’, the circuit status
shown in FIG. 21B may still be formed for the powertrain.
Therefore, for a circuit status of the powertrain, reference
may be made to the descriptions in FIG. 21A and FIG.
21B. Details are not described herein again.

[0180] Optionally, in some feasible implementations,
the controller may determine at least one second bridge
arm from the three bridge arms of the MCU, and deter-
mine a second PWM signal of each second bridge arm
based on a bus voltage and a voltage of the power battery
BAT18. In this case, for a specific implementation in
which the controller determines the second PWM signal
based on the bus voltage and the voltage of the power
battery BAT18, reference may be made to an existing
manner of determining a control signal of a switch tran-
sistor in a boost converter.

[0181] That the capacitor C,g4 charges the power bat-
tery BAT18 may be divided into an energy storage phase
of motor windings and a power battery charging phase.
In FIG. 22A and FIG. 22B, an example in which the three
bridge arms are respectively used as three second bridge
arms is used. In a circuit status shown in FIG. 22A, the
switch transistor Qg4, the switch transistor Qg3, and the
switch transistor Q4g5 are turned on, and the switch tran-
sistor Qqgo, the switch transistor Q4g4, and the switch
transistor Q,gg are turned off. Inthis case, the motor wind-
ing N1, the motor winding N/, and the motor winding
Ny1g are in an energy storage stage. For example, the
circuit status shown in FIG. 21A may be understood as
a combination of the circuit status shown in FIG. 22A and
the circuit status shown in FIG. 20.

[0182] In a circuit status shown in FIG. 22B, the switch
transistor Qg1, the switch transistor Q4g3, and the switch
transistor Q4g5 are turned off, and the switch transistor
Q4g2, the switch transistor Q4 g4, and the switch transistor
Qqge are turned off. In this case, the power battery BAT 18
provides a voltage for the capacitor C4g¢ by using the
three motor windings, that is, outputs a voltage between
the positive bus BUS18+ and the negative bus BUS18-,
and the motor M18 is driven by the power battery BAT18.
For example, the circuit status shown in FIG. 21B may
be understood as a combination of the circuit status
shown in FIG. 22B and the circuit status shown in FIG.
20. To be specific, a current flowing through each gen-
erator winding is a sum of a current generated by the
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generator and a discharging current of the power battery.
[0183] It should be noted that, the circuit statuses
shown in FIG. 22A and FIG. 22B should be understood
as an example. In another feasible implementation, a
function of a boost converter can be implemented by con-
trolling only one or two of the three bridge arms.

[0184] Optionally, in some feasible implementations,
the controller sends a signal prior to the moment t4 shown
in FIG. 14 to each bridge arm. To be specific, the con-
troller sends the PWM1_Qg, signal prior to the moment
t4 to the switch transistor Q,g4, sends the PWM1_Q33
signal prior to the moment t4 to the switch transistor Q4g3,
and sends the PWM1_Q; signal prior to the moment t4
to the switch transistor Q,gs. In this case, for example,
the switch transistor Q4g4, the switch transistor Q4g3, and
the switch transistor Qg5 are turned off, and the switch
transistor Q,g,, the switch transistor Q44, and the switch
transistor Qgg are turned on. The circuit status shown
in FIG. 20 may also be formed for the powertrain. In the
circuit status, /15 + 18 + lyy1g = 0, and the motor M18
outputs torque.

[0185] Optionally, in some feasible implementations,
the controller may send a signal subsequent to the mo-
ment t4 shown in FIG. 14 to each bridge arm. To be spe-
cific, the controller sends the PWM1_Q3, signal subse-
quent to the moment t4 to the switch transistor Q4g1,
sends the PWM1_Qg33 signal subsequent to the moment
t4 to the switch transistor Qqg3, and sends the
PWM1_Q35 signal subsequent to the moment t4 to the
switch transistor Q4g5. In this case, the motor M18 out-
puts torque, and the power battery BAT18 is in a charging
state. In other words, the generator drives the motor M18,
and charges the power battery BAT18.

[0186] Forexample, in atime period from the moment
t4 to the moment t5, the PWM1_Q3; signal, the
PWM1_Qj3; signal, and the PWM1_Q35 signal are all at
a high level. To be specific, the switch transistor Q4g1,
the switch transistor Q4g3, and the switch transistor Q4g5
are turned on, and the switch transistor Q,g,, the switch
transistor Qqg4, and the switch transistor Q4g¢ are turned
off. A circuit status shown in FIG. 23A may be formed for
the powertrain. As shown in FIG. 23A, it is assumed that
inductive reactances of the three motor windings are the
same. Therefore, a current flowing through the motor
winding Nyyqg is Iy1g + Ic1g/3, a current flowing through
the motor winding Ny g is ly4g + Ic1g/3, and a current
flowing through the motor winding Nyyg is Iiy4g * Io15/3,
where 15+ l\/18* I)y18 = 0. In this case, the motor outputs
torque, and the three motor windings are in an energy
storage stage.

[0187] In atime period from the moment t6 to the mo-
ment t7, the PWM1_Q34 signal, the PWM1_Qg33 signal,
and the PWM1_Q35 signal are all at a low level. To be
specific, the switch transistor Q,g,, the switch transistor
Qqg3, and the switch transistor Q4g5 are turned off, and
the switch transistor Q4g,, the switch transistor Q4g4, and
the switch transistor Qgg are turned on. A circuit status
shown in FIG. 23B may be formed for the powertrain. As
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shown in FIG. 23B, the currents flowing through the three
motor windings are still the currents that flow in the circuit
status shown in FIG. 23A. To be specific, the current
flowing through the motor winding N4g is /18 *+ Ic18/3,
the current flowing through the motor winding N\gis /\/1g
+14g/3, and the current flowing through the motor wind-
ing Nyy1gis Iyqg * Icqg/3, where [ g + I\ + ly1=0.1In
this case, the motor outputs torque, the motor winding
N1g charges the power battery BAT18, the motor wind-
ing Ny41g charges the power battery BAT18, and the motor
winding Ny, charges the power battery BAT18. In other
words, the power battery BAT18 is in a charging state,
where a charging current is /qg.

[0188] Similarly, the controller sends a signal subse-
quent to the moment t4’ shown in FIG. 16 to each bridge
arm. To be specific, the controller sends the PWM_Q34
signal subsequent to the moment t4’ to the switch tran-
sistor Q4g4, sends the PWM_Q, g5 signal subsequent to
the moment 4’ to the switch transistor Q,45, and sends
the PWM_Q g5 signal subsequent to the moment t4’ to
the switch transistor Q,g5. For example, in a time period
from the moment t4’ to the moment t5’, the circuit status
shown in FIG. 23A may still be formed for the powertrain;
and in a time period from the moment t6’ to the moment
t7’, the circuit status shown in FIG. 23B may still be
formed for the powertrain. Therefore, for a circuit status
of the powertrain, reference may be made to the descrip-
tionsin FIG. 23A and FIG. 23B. Details are not described
herein again.

[0189] Optionally, in some feasible implementations,
the controller may determine at least one second bridge
arm from the three bridge arms of the MCU, and deter-
mine a second PWM signal of each second bridge arm
based on a bus voltage and a voltage of the power battery
BAT18. In this case, for a specific implementation in
which the controller determines the second PWM signal
based on the bus voltage and the voltage of the power
battery BAT18, reference may be made to an existing
manner of determining a control signal of a switch tran-
sistor in a buck converter.

[0190] That the capacitor C,g4 charges the power bat-
tery BAT18 may be divided into an energy storage phase
of motor windings and a power battery charging phase.
In FIG. 24A and FIG. 24B, an example in which the three
bridge arms are respectively used as three second bridge
arms is used. In a circuit status shown in FIG. 24A, the
switch transistor Qg4, the switch transistor Qg3, and the
switch transistor Q,g5 are turned off, and the switch tran-
sistor Qqgo, the switch transistor Q4g4, and the switch
transistor Q,gg are turned on. Itis assumed that inductive
reactances of the three motor windings are the same.
Therefore, a current flowing through the motor winding
N5 is Io1g/3, a current flowing through the motor wind-
ing Ny4gis Io4g/3, and a current flowing through the motor
winding Ny g is Ic4g/3. In this case, the motor winding
N1g charges the power battery BAT18, the motor wind-
ing Ny4g charges the power battery BAT18, and the motor
winding Ny45 charges the power battery BAT18. There-
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fore, a charging current of the power battery may be /5.
In other words, the capacitor C4g¢ charges the power
battery BAT18.

[0191] In a circuit status shown in FIG. 24B, the switch
transistor Q,44, the switch transistor Q,43, and the switch
transistor Qg5 are turned on, and the switch transistor
Q4go, the switch transistor Q,g4, and the switch transistor
Qgg are turned off. In this case, the motor winding N3,
the motor winding Ny, and the motor winding N,y are
in an energy storage stage.

[0192] It may be understood that a difference between
the powertrain shown in FIG. 3 to FIG. 17B and the pow-
ertrain shown in FIG. 18 to FIG. 24B lies in whether the
power battery is connected to a positive bus or a negative
bus. Therefore, the powertrain shown in FIG. 18 to FIG.
24B may also implement beneficial effects of embodi-
ments described in FIG. 3 to FIG. 17B. Mutual reference
may be made between the powertrain shown in FIG. 3
to FIG. 17B and the powertrain shown in FIG. 18 to FIG.
24B, and details are not described herein again.

[0193] Itshould be noted that the terms "first" and "sec-
ond" are merely intended for a purpose of description,
and shall not be understood as an indication or implica-
tion of relative importance.

[0194] The foregoing descriptions are merely specific
implementations of the present application, but are not
intended to limit the protection scope of the present in-
vention. Any variation or replacement readily figured out
by a person skilled in the art within the technical scope
disclosed in the present invention shall fall within the pro-
tection scope of the presentinvention. Therefore, the pro-
tection scope of the present invention shall be subject to
the protection scope of the claims.

Claims

1. A powertrain, wherein the powertrain comprises a
motor controller unit, MCU, and a motor, the MCU
comprises N bridge arms, and the motor comprises
N motor windings corresponding to the N bridge
arms, wherein N is greater than or equal to 2;

each of the N bridge arms comprises a first end
and a second end;

the first end of each bridge arm is connected to
a positive bus, the second end of each bridge
arm is connected to a negative bus, and a mid-
point of each bridge arm is connected to one
end of one motor winding; and

the other end of each of the N motor windings
is connected to one end of a power battery, and
the other end of the power battery is connected
to the positive bus or the negative bus.

2. The powertrain according to claim 1, wherein the
powertrain further comprises a bus capacitor unit
connected between the positive bus and the nega-
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tive bus, the MCU further comprises a controller, and
the N bridge arms comprise at least one first bridge
arm; and

the first bridge arm is configured to be turned on or
off based on a first pulse width modulation, PWM,
signal, wherein the first PWM signal is used to enable
the bus capacitor unit to charge the power battery
through a motor winding connected to the first bridge
arm; or the first PWM signal is used to enable the
power battery to discharge through a motor winding
connected to the first bridge arm.

The powertrain according to claim 2, wherein the first
PWM signal is determined by the controller based
on a working parameter of the motor, a bus voltage,
and a voltage of the power battery, wherein the bus
voltage is a voltage between the positive bus and
the negative bus.

The powertrain according to claim 3, wherein that
the first PWM signal is determined by the controller
based on a working parameter of the motor, a bus
voltage, and a voltage of the power battery specifi-
cally comprises:

the first PWM signal is obtained by the controller
by comparing afirst modulation signal with a pre-
set reference signal, wherein

the first modulation signal is obtained by the con-
troller based on a second modulation signal and
apresettargetvalue; the second modulation sig-
nal is determined by the controller based on a
working parameter of the motor and the bus volt-
age; and the preset target value is determined
by the controller based on the voltage of the pow-
er battery and the bus voltage.

The powertrain according to claim 4, wherein when
the first PWM signal is used to enable the bus ca-
pacitor unit to charge the power battery through the
motor winding connected to the first bridge arm, that
the first modulation signal is obtained by the control-
lerbased on a second modulation signal and a preset
target value specifically comprises:

the first modulation signal is a sum of the second
modulation signal and the preset target value.

The powertrain according to claim 4, wherein when
the first PWM signal is used to enable the power
battery to discharge through the motor winding con-
nected to the first bridge arm, that the first modulation
signal is obtained by the controller based on a sec-
ond modulation signal and a preset target value spe-
cifically comprises:

the first modulation signal is a difference between
the second modulation signal and the preset target
value.
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The powertrain according to claim 1, wherein the
powertrain further comprises a bus capacitor unit
connected between the positive bus and the nega-
tive bus, the MCU further comprises a controller, and
the N bridge arms comprise at least one second
bridge arm; and

the second bridge arm is configured to be turned on
or off based on a second PWM signal, wherein the
second PWM signal is used to enable the bus ca-
pacitor unit to charge the power battery through a
motor winding connected to the second bridge arm;
or the second PWM signal is used to enable the pow-
er battery to discharge through a motor winding con-
nected to the second bridge arm.

The powertrain according to claim 7, wherein the
second PWM signal is determined by the controller
based on a bus voltage and a voltage of the power
battery, wherein the bus voltage is a voltage between
the positive bus and the negative bus.

The powertrain according to any one of claims 2 to
8, wherein the powertrain further comprises a gen-
erator control unit, GCU, and a generator, wherein
an input end of the GCU is connected to the gener-
ator, and an output end of the GCU is connected
between the positive bus and the negative bus.

The powertrain according to claim 9, wherein when
the first PWM signal is used to enable the bus ca-
pacitor unit to charge the power battery through the
motor winding connected to the first bridge arm, the
GCU is configured to convert a voltage output by the
generator to obtain a first voltage; and

the MCU is configured to drive, based on the first
voltage, the motor to output torque and charge the
power battery.

The powertrain according to claim 9, wherein when
the first PWM signal is used to enable the power
battery to discharge through the motor winding con-
nected to the first bridge arm, the GCU is configured
to convert a voltage output by the generator to obtain
a second voltage; and

the MCU is configured to drive, based on the second
voltage and the voltage of the power battery, the mo-
tor to output torque.

The powertrain according to claim 7 or 8, wherein
the powertrain further comprises a GCU and a gen-
erator, wherein an inputend of the GCU is connected
to the generator, and an output end of the GCU is
connected between the positive bus and the nega-
tive bus;

when the second PWM signal is used to enable
the bus capacitor unit to charge the power bat-
tery through the motor winding connected to the
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second bridge arm, the GCU is configured to
convert a voltage output by the generator to ob-
tain a third voltage; and

the MCU is configured to charge the power bat-
tery based on the third voltage.

The powertrain according to claim 7 or 8, wherein
the powertrain further comprises a GCU and a gen-
erator, wherein an inputend ofthe GCU is connected
to the generator, and an output end of the GCU is
connected between the positive bus and the nega-
tive bus;

when the second PWM signal is used to enable
the power battery to discharge through the motor
winding connected to the second bridge arm,
the MCU is configured to convert a voltage of
the power battery to obtain a fourth voltage; and
the GCU is configured to drive the generator
based on the fourth voltage.

A control method of a powertrain, wherein the pow-
ertrain comprises a motor controller unit, MCU, a mo-
tor, and a bus capacitor unit connected between a
positive bus and a negative bus; the MCU comprises
N bridge arms, the N bridge arms comprise at least
one first bridge arm; and the motor comprises N mo-
tor windings corresponding to the N bridge arms,
wherein N is greater than or equal to 2; and

the control method comprises:

turning on or turning off the first bridge arm ac-
cording to a first pulse width modulation, PWM,
signal, so that the bus capacitor unit charges a
power battery through a motor winding connect-
ed to the first bridge arm, or the power battery
discharges through a motor winding connected
to the first bridge arm.

A hybrid electric vehicle, wherein the hybrid electric
vehicle comprises a power battery and the power-
train according to any one of claims 1 to 13, wherein
a motor in the powertrain is connected to the power
battery.
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